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Abstract 


As vehicles are getting electrified and more intelligent, the 
energy consumption of the auxiliary system increases rapidly. 
The auxiliary battery acts as the backbone of the system to 
support the proper operation of the vehicle. It is important to 
ensure the auxiliary battery has enough energy to meet the 
basic load regardless the vehicle is in park or running. 
However, the existing methods only focus on auxiliary energy 
management strategies when the vehicle is in a dynamic event. 
To fulfill the gas, we propose an intelligent strategy that 
detects the low state of charge (SOC) condition, temporarily 
turns down the auxiliary loads based on their priorities and 
charges the auxiliary battery at the maximum efficiency of the 
auxiliary power unit. In addition, the proposed strategy allows 
the vehicle to get the park duration update and make 
intelligent decisions on charging the auxiliary battery. 
Simulation results indicate that our method closes the 
technology gap that associated with the existing methods. As a 
result, the energy consumption remains low while the SOC of 
the auxiliary battery is sustained. 


Introduction 


There is no doubt that electrification is the primary means to achieve 
both energy consumption and emission reduction. Unlike the energy 
management strategy for hybrid propulsion systems that has been 
studied in a tremendous number of literatures, the energy 
management strategy for the auxiliary battery hasn’t drawn enough 
attention. The main purpose of the auxiliary battery is to support the 
safe operation of the auxiliary system. As the electrification 
revolution continues, more and more electronic devices that rely on 
the power from the auxiliary battery have been put in electrified 
vehicles to make them smarter and more powerful. With the 
increasing number of electronic devices to support connectivity and 
autonomous driving capability, the energy consumption on the 
auxiliary system is rising dramatically and foreseen to become more 
severe in the future. 


To maintain the state of charge (SOC) of the auxiliary battery, the 
alternator is often used to convert mechanical energy from the engine 
crankshaft via a serpentine belt into electrical energy in the 
conventional vehicle. The alternator consists of a stator, a rotor, 
several diodes, a voltage regulator, and a cooling fan. The alternative 
current (AC) from the stator and the rotor is transformed into a direct 
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current (DC) to charge the auxiliary battery. The voltage regulator 
regulates the voltage. The cooling fan dissipates heat from the 
alternator and protects the alternator from overheating. However, the 
alternator is replaced by a DC-to-DC converter in the hybrid electric 
vehicle (HEV) and the electric vehicle. The DC-to-DC converter 
transfers energy from the high voltage system to the auxiliary system. 
For simplicity, we use auxiliary power unit (APU) to describe the 
DC-to-DC converter in this paper. 


Like the alternator in the conventional vehicle, the APU also needs to 
be controlled to maintain the SOC of the auxiliary battery. The 
strategy that is used to decide how much and how fast energy flows 
from the HV system to the auxiliary battery via the APU is called 
APU energy management strategy. A group of researchers studies the 
APU energy management strategy in a fuel cell vehicle [1]. Three use 
cases such as load without the APU, load with the APU and load with 
a supercapacitor are investigated in their study. However, their 
strategy falls short in oversimplifying the APU operation. 


A different group of researchers propose a fuzzy-based strategy for 
APUs in [2]. The fuzzy logic approach is chosen because they believe 
there is no simple model for estimating battery SOC and 
electrochemistry-based modeling is heavily dependent on knowledge 
of the battery internal parameters. In addition, they claim their 
strategy works for both batteries and supercapacitors. The battery 
SOC and the normalized APU current are used as the input and 
output of the fuzzy controller, respectively. The charge current is 
maintained in the best efficiency region most of the time. 


A dual battery system with a Cuk converter used as the APU is 
proposed to fast charge electric vehicles in [3]. This battery system 
consists of a main battery with high energy density and an auxiliary 
battery with low energy density. The auxiliary battery is used to 
reduce fast charging stresses on the main battery. Three different 
charging scenarios are studied. The first scenario has power flow into 
both batteries. Only the auxiliary battery provides power to charge 
the main battery and meets the operation requirement for the rest of 
the system in the second scenario. The last scenario has the main 
battery provide power to the system. Although this work exploits 
having two batteries to address fast charging stresses, it does not 
make any improvements in energy consumption reduction. 


A decentralized energy management strategy is proposed to reduce 
energy consumption in [4]. More specifically, this strategy aims to 
force an increased statistical correlation between the applied auxiliary 
loads and vehicle dynamics. What unique in their strategy is the use 
of an Eco-Mode. If the sum of traction current and auxiliary current 
is less than the charge limit and the SOC is greater than the SOC 
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Figure 13. Auxiliary battery voltage, APU efficiency and Load. 
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Figure 14. Efficiency adjustment. 


The auxiliary battery voltage, APU efficiency and percent load are 
shown in Figure 13. Unlike Figure 9, the APU turns off once the 
SOC of the auxiliary battery reaches 95%. This difference is due to 
the current provided by the APU is greater than the maximum load in 
the use case. The proposed strategy also successfully adjusts the 
operating point to achieve the maximum efficiency in the key-off use 
case. 


Conclusions 


With more offering of drive assist functionality by vehicle 
manufacturers, there is increasing pressure on auxiliary battery to 
improve its efficiency and implement energy management strategy to 
maintain state of charge (SOC) during vehicle operations. In this 
work authors have proposed a strategy to diagnose low SOC 
condition, prioritize auxiliary loads if needed and effectively manage 
charging of 12V battery by operating APU at high operating 
efficiency level during key-on and key-off event. The results confirm 
that the low SOC condition is detected, auxiliary loads are prioritized 
and APU adjust operating points to work at high efficiency to ensure 
energy transfer from HV to LV during key-on and key-off vehicle 
use case. 
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Definitions/Abbreviations 


APU auxiliary power units 
ABMS auxiliary battery management 
system 


BCM 
ECU 
EGHR 


EPA 


EVAP 


DC 
GPF 
HV 


HVAC 


LV 
OBD 


PCM 
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body control module SOC 
electronic control unit 
exhaust gas heat recovery 


Environmental protection 
agency 


evaporative emission control 
system 


direct current 
gas particulate filter 
high voltage 


heating, ventilation and air 
conditioning 


low voltage 
on-board diagnostics 


powertrain control module 


state of charge 


